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a83 4-7 
The e f f e c t  of l o w  temperatures on t h e  growth of molds, with 

emphasis on food s torage problems, i s  discussed. Experiments 

on 40 d i f f e ren t  species  of molds, some of which were i s o l a t e d  

from frozen foods, showed v i a b i l i t y  and growth at temperatures 

as low as -8OC. The e f f e c t  of low temperatures on v i s i b l e  

growth and formation of conidia o r  spores differs f o r  t h e  va r i -  

ous species  and s t r a ins .  The delay i n  t h e  appearance of v i s i b l e  

growth lengthens with decreasing temperature, reaching i t s  

maximum i n  t h e  i n t e r v a l  before the  temperature minimum a t  which 

growth s tops completely. 

The quest ion of the  e f f e c t s  of low temperatures on t h e  growth of micro- 

organisms, i n  connection with t h e  introduct ion of cold i n t o  various branches of  

t h e  food industry,  i s  a t t r a c t i n g  more and more a t ten t ion .  

The growth of microorganisms i s  a major concern of technologis ts  i n  design 

and development work i n  the  f i e l d  of temperature and humidity, ven t i l a t ion ,  and 

gas  conditions i n  r e f r ige ra to r  compartment and cold-storage plants .  Commodities 

experts, microbiologists,  and phytopathologists using these  c r i t e r i a  a r e  in -  

t e r e s t e d  i n  ways and means f o r  maintaining t h e  marketable qua l i t y  of food pro- 

ducts.  

Naturally, this r a i s e s  the  question as t o  the  extreme temperatures a t  which 

* Numbers i n  the  margin ind ica t e  pagination i n  the  o r i g i n a l  fore ign  t ex t .  
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t h e  gyowth of microorganisms w i l l  stop, with special  reference t o  the species 

of molds that damage food products i n  storage. 

D u r i n g  t h e  cycle of development of molds found i n  cold-storage plants ,  from 

the  commodity point of view, two f a c t o r s  a t t r a c t  a t t e n t i o n :  

1) Appearance of a v i s i b l e  surface growth of a mold, when the external. 

marketable qua l i ty  of the product i s  impaired. 

2) Appearance of sporulation i n  the  developing mold, when vas t  numbers 

of spores are entrained by air currents  (vent i la t ion ,  t ransport ing 

and handling of products, etc.) and threa ten  t o  i n f e c t  t h e  e n t i r e  

storage p lan t  . 
I n  our work r e l a t i v e  t o  the e f fec t  of l o w  temperatures on the  development 

of molds, these were tne  f a c t o r s  we primarily a t t a i p t e d  t o  define. 

The ra ther  extensive l i t e r a t u r e  on t h e  influence of l o w  temperature on t h e  

development of microorganisms does not  s e t t l e  these questions, so that one has 

t o  agree with Dr.Beckwith of California (1936) t h a t  "we do not know how low t h e  

temperature must be t o  stop the growth of molds" (Bibl.2). 

I n  general manuals on mycology, the q u e s t i m  of the  e f f e c t  of low tempera- 

Such extensive t u r e s  on the  growth of molds i s  usually given l i t t l e  space. 

works as, f o r  example, Pr inciples  of Nycology (Osnovy mikologii) by A.A.Yachev- 

s k i y  (1933), o r  "Mycology", by Professor L.1 .Kursanov (1933) contain the s t a t e -  

ment t h a t  t h e  m i n i m u m  temperature f o r  molds i s  not below O°C. 

on t h e  influence of low temperature on the  growth of molds under r e f r i g e r a t o r  

conditions,  on the other  hand, contain numerous statements t o  the  e f f e c t  t h a t  

many molds grow not only a t  O°C but even far below O°C on re f r igera ted  and /la4 

f r o z e n  products. However, the statements a r e  extremely inconsis tent .  T h i s  

should not  cause p a r t i c u l a r  surprise,  s ince t h e  various authors could hardly 

Specialized works 
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have worked w i t h  t h e  same s t r a i n s  of molds. 

depending on origin,  may r e a c t  d i f f e r e n t l y  t o  low t a p e r a t u r e s .  

Yet even the same species of mold, 

For comparison, we will give some of the  most c b r a c t e r i s t i c  data i n  this 

respect,  reported by various authors and r e l a t i n g  mainly t o  questions of cold 

storage of food products. 

Adeline Ames [ E A ,  1915 (Bibl.l)], i n  studying t h e  agents responsible f o r  

decay i n  storage plants ,  observed the  germination of Monilia f ruct igena and 

Penicil l ium digitaturn a t  +1'C o n l y  a f t e r  245 days, while t h e  spores of t h e  other 

molds t e s t e d  germinated a t  +3' and +4'C a f t e r  200 days. 

H.Z.3Ustace [USA, 1908 (BiblJ l ) ] ,  i n  his invest igat ions on fungal diseases  

of f r u i t s ,  noted t h a t  a t  temperatures close t o  0's Penicillium glaucum and 

Alternar ia  sp. developed wit-hin two months; other nloliis t e s t e d  shoxed no s igns  

of growth during this period. 

G.Elassee [l9l2 (Bib1.2211 mentioned the  appearance of v i s i b l e  growth of 

Cladosporium herbarum below O°C, but orily a f t e r  one month at t h a t  temperature. 

L.Scupin-Calbe [Germany, 1936 (Bibl.31)] , compiled a considerable number of 

i n t e r e s t i n g  Tables and diagrams on the e f f e c t s  of temperature on t h e  growth of 

e ight  d i f f e r e n t  molds; unfortunatel,v, the lowest of the  temperatwes tes ted  i n  

this work was -2.5 

of mold growth. 

t o  -3'C, and no data were given on the  minimum temperatures 

C.A.Magoon [USA, 1932 (Bibl .Z)] ,  observed mold growth i n  commercial cold- 

s torage p l a n t s  a t  -5'~.  

C.H.Lea [Great Br i ta in ,  1931 ( B i b l . S ) ] ,  noting t h e  appearance of molds 

and y e a s t s  on frozen lamb a t  -5'C, stated t h a t  he observed no growth at -10' 

and -2OOC. A t  temperatures above -5OC,  the  appearance of v i s i b l e  growth was 

s i g n i f i c a n t l y  retarded by proper vent i la t ion.  
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F.T.Brooks and M.H.Kidd [Great Bri ta in ,  1921 (Bibl.lO)] , establ ished t h e  

growth of Cladosporium herbarum (black spot an meat) a t  +5.5"CY but  d i d  not con- 

s i d e r  this temperature as the  minimum f o r  this mold. 

R.B.Haines and E.C.Smith [Great Bri ta in ,  1933 (Bibl . l6)Iy i n  a number of 

Tables character iz ing t h e  growth of several  molds on meat, gave data on the  

growth of Cladosporium herbarum and Mucor a t  - 5 O C ,  and f o r  Mucor, a l s o  a t  - 7 O C .  

E.Smith [Great Br i ta in ,  1910 (Bibl.3k)I noted t h e  growth of Torula a t  -6OC. 

T.R.Vernon [Great Br i ta in ,  1935 (Bib1.37)I considered -4.4' t o  - 6 . 6 O C  t o  be 

t h e  minimum growth temperature for Cladosporium herbarum on bu t t e r ,  s ince  a t  

-7.7"C he observed no growth i n  s ix  s t r a i n s  of t h i s  mold i s o l a t e d  by him from 

b u t t e r .  

E.T.Brooks ar?d C,G.H!nsford [Great Bri t s in ,  1923 (Bibl.?)! reported t h e  de- 

velopment of various species  of Penicillium, Ptucor, Thamnidium and Sporotrichum 

ca rn i s  (white spot on meat) a t  -2.2OC (18" F) and a weak growth of t he  l a t t e r  

two molds even a t  -7.78"C. 

Cladosporiumherbarum,according t o  data by these authors,  grew and f r u i t e d  

a t  -7.78 "cy while i t s  conidia germinated a t  -6°C .  

A.Monvoisin [France, 1936 (Bib l .B)]  stated t h a t  t h e  spores of molds a r e  

a b l e  t o  germinate a t  temperatures s l i g h t l y  above O°C, while at - 9 O C  germination 

i s  completely inh ib i ted .  

slow, i s  s t i l l  poss ib le  between -6' and -1OOC. 

However, t he  growth of mpelium, even though very 

R .B . b i n e s  [Great Bri ta in ,  1931 (Bib1 .Is) 1 observed t h e  growth of Sporo- 

trichum carn is  a t  -5' and -7%. 

H.F.Smart [US.\, 1934 (Bib1.32)] reported t h e  surv iva l  of seven species  of 

molds a t  -9.4OC f o r  one t o  three  years; i n  a 1936 paper (Bib1.33) he gave data 

on molds exposed t o  a temperature of - 9 . 4 O C  f o r  th ree  years  and then reinoculated 

4 



and kept f o r  one year a t  - 8 . 9 O C ;  two  species of Penicil l ium showed growth be- 

tween t h e  f i f t h  and seventh months, which became e n t i r e l y  d i s t i n c t  by the  end 

of t h e  year. 

C.Bidault [France, 1921 (Bibl.6)] subjected ful ly  developed colonies of 

Chaetostylum Freseni i  and Hormodendron cladosporioides t o  a temperature of -lO°C, 

where they gave a very weak growth a f t e r  two months; this growth became more 

marked when, after two months of storage, t h e  temperature was ra ised  t o  - 8 O C .  

Penici l l ium crustaceum, Cladosporium herbarum and Bot ry t i s  rosea grew between 0 

and -6 OC. 

J .A .Berry and C .A .Magoon [USA, 1934 (Bibl. 5) 1, admitted the  p o s s i b i l i t y  of 

mold growth below -7.78OC, t he  rnin3mum temperature f o r  germination of t he  spores, 

b u t  bel ieved t h a t  t h e  growth of microorganisms i s  bipossible a t  -lO°C. /12? 5 

A.M.Wright [Great Br i ta in ,  1923 (Bibl.39)l recommended t h e  s torage of m e a t  

a t  a temperature not higher than - 9 O C  t o  prevent t h e  formation of molds, ap- 

parent ly  considering this t h e  highest  mhimumtemperature f o r  t h e i r  growth. 

t h e  same time, on t r ans fe r  of C O l O d e 5  of Mucor mucedo grown a t  -2' and - l 0 C ,  

and of colonies  of Penicil l ium glaucum grown a t  4OC,  t o  a temperature of -12' 

t o  -15OC, he observed t h a t  t h e i r  growth continued even then. 

A t  

F.T.Brooks [Great Br i ta in ,  1924 (Bibl.7)I repeated Wright's experiments 

and found that Penicil l ium previously grown a t  +4*C and Mucor mucedo grown on 

lamb a t  - l°C d id  not develop when t ransfer red  t o  a s t i l l  higher temperature of 

+ 1 l o C  a f t e r  4.5 months a t  t h a t  temperature. 

T.D.Beckwith [California,  1936 (Bibl.2)] expressed doubts t h a t  t h e  minimUm 

growth temperature of molds should be - 9 . 5 O C  (15'F) s ince  he himself observed 

t h e i r  growth a t  -12OC; nevertheless,  he admitted t h a t  too few data  a r e  ava i lab le  

t o  j u s t i f y  an au tho r i t a t ive  s e t t i n g  of t he  midmum growth temperature of molds. 
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The Refr igerat ion I n s t i t u t e  a t  Karlsruhe has published a l a r g e  number of 

technological r epor t s  on questions connected with v e n t i l a t i o n  and moisture con- 

d i t i o n s  etc.  

ves t iga t ion  on the  combined inf luence o f  temperature and moisture on t h e  de- 

velopment of molds on r e f r ige ra t ed  meat, s t a t ed  t h a t  t he  time t o  appearance of 

v i s i b l e  growth varies among t h e  individual  molds and i s  almost independent of 

t h e  r e l a t i v e  humidity, explaining it by the  f a c t  that t h e  state of t h e  meat 

surface changes only l i t t l e  during t h e  in i t ia l  per iod of growth. G.Kaess [193l+ 

(Bibl.l'7)], i n  studying t h e  growth of molds a t  +3O and +6"C exposed t o  air cur- 

r e n t s  of varying ve loc i ty ,  found an inh ib i t ing  e f f e c t  of a higher air ve loc i ty  

only on t h e  development of supe r f i c i a l  mold growth ( t h e  ve loc i ty  of t h e  air flow 

has no e f f e c t  on the  development of the conidia). 

For example, W.Schwartz and G.Kaess [1930 (Bib1.30)], i n  a n  i n -  

G.Kaess and W.Schwartz [1934 (Bibl. l8)]  noted t h a t  grea te r  i n h i b i t i o n  of 

mold growth i s  observed i n  a i r  currents  d i rec ted  perpendicular t o  t h e  in fec t ed  

surface. I n  cur ren ts  p a r a l l e l  t o  t h e  surface,  t h e  i n h i b i t i o n  i s  less  marked. 

Among recent  Russian work, we should mention that by L.M.Gorovits-Vlasova 

and L.D .Grinberg [Leningrad Refr igerat ion Laboratory, 1933 (Bib1.U) 1, who re- 

ported t h a t  Cladosporium herbarum, Mucor racemosus and Penicil l ium studied by 

them (12 races)  grew a t  - 3 O C  a f t e r  10 t o  68 days. They considered a tempera- 

ture of -7' o r  - 8 O C  as not low enough f o r  meat s torage;  i n  other  words, they ad- 

mitted t h e  p o s s i b i l i t y  of t h e  growth of nicroorgadsms a t  -7' and - 8 O C .  It must 

be  noted that these  temperatures of -7' and - 8 O C  were not tested by them with 

respec t  t o  mold growth. Their experiments were made i n  r e f r ige ra to r  chambers 

w i t h  ve ry  unstable  temperatures. The temperature f luc tua t ions ,  according t o  

Grinberg (1933 r epor t )  were as much as 2 - 3 O C .  

temperature i s  one of t he  ma jo r  necessary conditions f o r  more accurate  da ta  

However, an e n t i r e l y  constant 
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[ H.%.Fischer and P.Jensen, 1911 (Bibl.12) 1. 

M.B.Royzin and F.E.Bilyanskiy [193f+ (Bib1.26, 27)], working on t h e  problem 

of protect ing t h e  plywood and regular  wood v e n t i l a t i o n  boxes of r e f r i g e r a t o r s  

from invasion by microorganisms and from the  cryopfiile microflora of cold- 

storage p l an t s  mentioned t h a t ,  i n  general, a temperature of - 8 O C  i s  t h e  minimum 

growth temperature of the  microorganisms i s o l a t e d  by them from f r e e z e r s  and 

that a t  - 9 O C  such growth was no longer observed. 

The establishment of t he  Refr igerat ion I n s t i t u t e  a t  Moscow first made i t  

poss ib le  f o r  USSR inves t iga to r s  t o  perform prolonged observations on the  growth 

of microorganisms under t h e  conditions of f r eeze r  lockers  a t  more o r  less con- 

s t a n t  temperatures. 

- -  we 'have ava i l ab le  cryogenic chambers f o r  t a p ~ a t - w ~ - s  of +lo, '5, '2, a, 
The temperature i n  these  chambers is kept constant 

The temperature of t he  ind iv idua l  chambers deviated 

-2, -5, -8, -12 and -18OC. 

thoughout  t h e  experiment. 

from the  r a t ed  temperature t o  e i t h e r  side by not more than ten ths  of a degree. 

Rela t ive ly  g rea t e r  f l uc tua t ions  were observed i n  the  - 8 O C  chamber where, i n  in-  

dividual  infrequent  cases, t he  temperature dropped t o  -9%. 

The temperatures were read hourly throughout t h e  &-hour day. 

Unfortunately, there  was no humidity control  i n  the  chambers, bu t  in /1296 

general  t h e  r e l a t i v e  humidity of t he  air w a s  maintained a t  a l e v e l  between 87 

and 97%. 

A s  ob jec t s  fo r  our experiments we used about 40 d i f f e r e n t  species  of molds, 

some of them represented by several  strains. 

i s o l a t e d  from re f r ige ra t ed  o r  frozen products. 

A considerable nmber  had been 

Simultaneously, we conducted observations on t h e  growth of a group of molds 

from f o r e s t  s o i l ,  gathered i n  the  spring of 1936 during t h e  early thaw from a 
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surface f r e e  of grass  cover and a slope unprotected from t h e  Wind. 

The molds were grown on a r t i f i c i a l  ( s o l i d  and l i q u i d )  and natural media. 

The following l i q u i d  media were used: 

1. Inorganic medium of the  composition: 
(NH4),S04 ...................................... 10 gm 
&SO4 .......................................... 2.5 gm 
K H 2 P O 4  ......................................... 2.5 
Fe2Cle ......................................... t r a c e s  

Sugar ............................................ 200 gm 
D i s t i l l e d  water .................................. 1000 cc 

2. ,Yansen's medium 
3 .  Beer wort with sugar (105 gm sugar t o  100 cc wort). 

The s o l i d  a r t i f i c i a l  media used were wort-agar and wort-agar with 20% 

sugar; we a l so  used Capekfs agar with 20% sugar. The s o l i d  natural media used 

were f r e s h  beef and dry f r e s h  beef t o q u e s ,  from which s l a n t s  about 2.5 cm were 

cut  under s ter i le  conditions ( these skiits m r e  place:! in s t e r i l e  Koch dishes),  

potato s l a n t s  i n  Koch dishes,  and potato cylinders i n  t e s t  tubes. 

The molds were inoculated by pouring a suspension of spores o r  t ransfer-  

r i n g  mycelium and conidia t o  the  center of an  agar s l a n t  o r  s l a n t  of beef, e tc .  

For each mold and a t  a l l  temperatures, several  p a r a l l e l  dishes  or flasks were 

s h d t a n e o u s l y  prepared. 

Observation on the  mold growth were taken daily or per iodica l ly  a t  i n t e r -  

vals of f i v e  days or  longer, depending on t h e  r a t e  of growth of t h e  mold a t  a 

given temperature. 

The f i r s t  experiments were conducted i n  March 1936, a f t e r  which f o r  more 

than one year (up t o  June 1937), addi t ional  experiments were made. 

I n  t h i s  paper, we give observations r e f e r r i n g  t o  t h e  period from March 1936 

t o  October 1937 (19 ronths).  

1. m e r i m e n t a l  P a r t  

I n  t h e  f i r s t  s e r i e s  of experiments t h e  following l i g h t  molds were tes ted:  
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1. Aspergillus niger van Tiegh, from I t a l i a n  lemon. 

2. Botryt is  cinerea Pers., from cabbage. 

3. Cladosporium herbarum Link, from frozen strawberries.  

4. Mucor mucedo (L)  Bref., from s o i l .  

5. Oidium l a c t i s  Fres., from frozen cherr ies .  

6. Penicil l ium glaucum Link, from frozen currants. 

7. Phycomyces n i tens  Kunze, f r o m  our laboratory collection. 

8. Rhizopus nigr icans Enr., f rom f r e s h  strawberries. 

Inoculat ion was performed by pouring a suspension of spores on P e t r i  /1298 

dishes, followed by wort-agar, and i n t o  Erlenmeyer f l a s k s  on l i q u i d  inorganic 

medium of the  above composition. 

A t  -18, -12, and -BoC, not a single mold of this s e r i e s  of e-xperbents de- 

veloped. A t  higher temperatures, the  various molds showed d i f f e r i n g  behaviors. 

The data on t h e  effect  of temperature on t h e  e ight  molds over a period of nine 

months (March t o  December 1936) a r e  given i n  Table 1. 

This Table has two columns f o r  each temperature, tne  first showing t h e  time 

i n  days from inoculat ion t o  appearance of v i s i b l e  growth and t h e  second, t h e  

tiroe of appearance of conidia. The appearance of submerged mycelium i n  the 

l i qu id  medium i s  shown without parentheses, that of surface mycelium i n  paren- 

theses.  

It w i l l  be c l e a r  from Table 1 that t h e  minimum temperature f o r  t h e  germina- 

t i o n  and development of the  first three molds from the spores l i e s  i n  the  range 

between +10 and +5OC. Other molds, such as O i d i u m  l a c t i s ,  grow even a t  +2OC; 

Phycomyces n i tens  and Nucor mucedo developed ful ly  a t  - 2 O C ,  and Botryt is  cinerea 

and Penici l l ium even a t  -5 '~ .  

With decreasing temperature, the  appearance of v i s i b l e  growth occurs a t  in-  
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creasingly l a t e r  periods. For example, Pef ic i l l ium glaucum at  + l O ° C  starts t o  

grow two days la ter  than a t  +2O0C and a t  +5"C, six days l a t e r ;  a t  +2'C, seven 

days l a t e r ,  a t  O°C, 13 days l a t e r ,  a t  -2"C, 19 days l a t e r ,  and a t  - 5 O C ,  142 days 

l a t e r  than a t  +20"c. 

Botry t i s  cinerea a t  temperatures from +loo t o  +2OC developed almost a t  t h e  

A t  O°C, it  developed 10 days la te r ;  same t h e ,  4 - 5 days l a t e r  than a t  +20°C. 

at  - 2 O C ,  16  days l a t e r ;  and a t  -5OC, 4.l days later.  

The delay i n  mold growth i s  pa r t i cu la r ly  long a t  t h e  boundary of t h e  mini- 

mum temperature. 

f o r  a temperature decrease of 2'C i n  t h e  i n t e r v a l  from +2 t o  0°C i s  1 - 2 days; 

however, when the  temperature i s  lowered by a fu r the r  2"C, i n  the  range from 0 

t o  -2OC, i.e., t o  t h e  bouqdary of t h e  minimum growth temperature of this mold, 

t h e  delay increases  t o  14 and 22 days, respect ively.  

For example, f o r  Mucor mucedo and Pnycomyces nitens,  the  delay 

For Bot ry t i s  c inerea and Penicil l ium glaucum, this phenomenon i s  even more 

pronounced: 

layed 6 days, bu t  i n  the  next i n t e rva l ,  between -2' and -5'C, t he  delay i s  25 

and 121 days, respect ively.  

I n  the  i n t e r v a l  from 0' t o  -2OC t h e  appearance of growth i s  de- 

For Oidium l a c t i s ,  t h e  minimum growth temperature i s  close t o  +2OC, and t h e  

g r e a t e s t  delay i n  growth i s  observed on t r a n s i t i o n  from +5 t o  +2"C, i.e., l i k e -  

wise i n  t h e  last in t e rva l .  

Conparing t h e  growth of the  experimental molds on s o l i d  and l i q u i d  media, 

we note t h a t  t h e  minimum growth temperatures of the  ind iv idua l  molds a r e  t h e  

same on both types of media; however, as will be seen from Table 1, the  growth 

of sur face  mycelium ( f igu res  i n  parentheses) and conidia-bearing, on a l i q u i d  

medium, e i t h e r  l a g  behind t h e  appearance of submerged mycelium or  are not ob- 

served a t  all. 



We consider i t  necessary t o  note that t h e  l i q u i d  med ium i n  t h i s  s e r i e s  of 

experiments remained i n  the  supercooled s t a t e  during t h e  e n t i r e  course of the  

experiment (nine months) a t  a l l  temperatures down t o  and including -5'C, with 

the  s ing le  exception of t h e  flask with Aspergillus niger ,  which was  f rozen a t  

-5'C f o r  severa l  days after being placed i n  the  cryogenic chamber. 

and -18'C, t h e  liquid m e d i u m  was frozen i n  all f lasks.  

A t  -8, -12 

The s o l i d  medium (wort-agar) l ikewise f roze  a t  the  l as t  th ree  tempera- / l a p  

A t  -5'C, t he  agar f roze only i n  some of the  d ishes  and t h a t  only a long  tures. 

time a f t e r  i t  had been placed i n t o  t h e  chamber. 

Penici l l ium glaucum, two dishes f roze  three months after t h e  beginning of t h e  

experiment, bu t  ( a  point  of p a r t i c u l a r  i n t e r e s t )  1% months a f t e r  this, t h e  growth 

of molds appeared on both d ishes  on the frozen agar simultaneously with t h e  

o ther  unfrozen dishes.  

For example, i n  the  cu l tures  of 

I n  t h e  second series of expehnents ,  we studied t h e  e f f e c t  of low tempera- 

tures on the  growth of molds, mostly on so l id  media. 

I n  this s e r i e s  we t e s t e d  over 30 molds (about 50 s t r a i n s ) ,  some of them in 

severa l  repeat  experiments. 

The minimum growth temperature f o r  most of them was i n  t he  range of -8' t o  

-5 OC. 

The appearance of v i s i b l e  growth, as i n  the  first s e r i e s  of experiments, 

was  increas ingly  delayed with decreasing temperature, p a r t i c u l a r l y  before  reach- 

i n g  t h e  minimum temperature (Table 2). 

The series of molds given i n  Table 2, arranged i n  order of t h e i r  cryo- /1300 

phily,  shows t h a t  -5'C i s  not t he  m i n i m u m  temperature f o r  a l l  of them. 

t h e  l a s t  four molds i n  the  se r i e s ,  whose v i s i b l e  growth appears simultaneously 

o r  almost simultaneously a t  -2' and -5*C, a r e  evident ly  capable of growing below 

Thus, 
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. 

-5 %. 

i s  somewhere i n  the  range between -8' and - 5 O C .  

herbarum, this hypothesis i s  confirmed by the  l i t e r a t u r e  data: 

and Kidd, 192l), -6.6°C (Vernon, 1935),  and - 7 . 7 8 O C  (Brooks and Hansford, 1923); 

(Bibl.10, 43, 8). 

A t  - 8 O C  they do not grow, which means that t h e  minimum growth temperature 

I n  t h e  case of Cladosporium 

-5.5's (Brooks 

TABLE 2 

BFECT OF VARlOUS TDPEXATURES ON THE DumLOF'MENT OF MOLDS 
Time f ron  Inoculat ion t o  Appearance of Vis ib le  

Growth (Days) 

I 

41 3 
11 9 
10 3 
6 5  
11. 2 1  
11 6 
12 5 
8 6  

The i n ! b i t i n g  e f f e c t  of low temperatures i s  manifest not only i n  t h e  t u r f  

of t h e  molds, but  a l s o  i n  the  development of t h e i r  aerial mycelium. A s  a n  ex- 



ample, we c i t e  a photograph (rlig.1) of t h e  comparative growth of the  sporangio- 

phores of Pkvcomyces n i tens  at  +2, +5, +10 and +ZO°C. 

L. -. ~ .-- - 

Fig.1 Dynamics of Growth of Two Species 
of Fusarium at  Low Temperatures 

T h i s  photograph was taken on the  48th day a f t e r  inoculation. A t  + X > O C ,  

t h e  mold had already aged and t h e  sporangiophores had dropped; a t  +lO°C, t h e  

molds were a t  t h e  s tage of complete maturity; a t  +5OC, t h e  sporangiophores were 

-.A=- ----- --A AL- __I- ---LX- -->,---I, -A -at?n AL- . 
sm-1 J 

+ B o  . .  ._. ' 9 o 0  



strawberries,  under t h e  same temperature conditions, grows considerably l a t e r  

than t h e  other s t r a i n s .  

of about +3OC, proved t o  b e  t h e  hardiest  of all. 

The s t r a i n  f rom bee ts ,  kept i n  a heap a t  a temperature 

TABLE 3 

EFFECT OF LOW TEWEXATURES ON THE DEVELOPl43NT OF DIFFERENT 
STRAINS OF BOTRYTIS CINEXEA 

T h e  from Inoculation t o  Appearance 
of Vis ib le  Growth (Days) 

11301 

sugar solutior 

A t  -18, -12 and - 8 O C ,  none of the four  s t r a i n s  of Botryt is  cinerea showed 

growth . 
O f  t h e  four s t r a i n s  of Cladosporium herbarum (Table 4), i s o l a t e d  from /1302 

frozen strawberries,  pears, and currants, and from mutton stored a t  low tempera- 

tures, only one s t ra in ,  t h a t  from the  strawberries,  showed a high minimum tem- 

perature.  The other t'hree s t r a i n s  developed f r e e l y  a t  - 5 O C .  

A t  -18, -12 and - 8 O C  none of the invest igated s t r a i n s  of Cladosporium 

herbarum showed growth. 



TABLE IC 

EFFECT OF Loiv' TEMPERATURES ON THE DEVELOPMENT OF DIFFERENT 
STRAINS OF CLADOSPORIUM BRBARUM 

Time from Inoculation t o  the  Appearance of Vis ib le  
Growth and Conidium-Bearing (Days) 

! I -5 

Currants 
n 

Sir3 wber;ie$-b* 

TABLE 5 

TIME (DAYS) ELAPSED BEFORE APPEARANCE OF VISIBLF: GROd'l" 
AND CONIDIA I N  STMINS OF F'EiXICILLIUM GLAUCUN ERON 

FROZEN STRMB3;RRIF;S AND CURRANTS 
-* 

16 



The var ious s t r a i n s  of Penicillium glaucum from frozen strawberries and 

currants  (Table 5 )  studLed i n  the  same war,  showed f e w  individual  differences.  

A t  -18, -12 and -8'C, t h e  s t r a i n s  of Penicil l ium glaucum showed no growth. 

A similar p i z t u r e  was obtained i n  experiments with t h e  next f i v e  s t r a i n s  

of Penicillium, i s o l a t e d  from various sources b u t  not more closely i d e n t i f i e d  

(Table 6). 

A t  -18, -12 and -8OC,  t h e  tested s t r a i n s  of Penicil l ium sp. showed no 

growth. 

TABLE 6 

TIM3 (DAYS) ELAPSED BEFORE APF"CE OF VISIBLE GRo'rsr'rI 
AND C O N I D I A  I N  STRAIKS OF I'XNXCILLI'JM FRO11 FROZZN 

STRAWBERRISS AND CI-JBRANTS 

Pcriicill. sp.  

?eniciiI. sp. 

;-';urn apples 

Penici I!. sp. 

From buttei 

18 

55 

40 

39 

35 

I 
i 

l i 2 ,  I - 

- 

I 
177 1 

i 
I 

461 - I 
I 

29 202 ! 

- 

120 

46 

25 

23 

- 

71 

56 

65 

52 

52 

20 

20 

11 

51 

46 

41 
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Here, Penicillium sp. (experiment No.48) i s  of p a r t i c u l a r  i n t e r e s t ;  t h e  

s t r a i n  was i s o l a t e d  from 51 wt.7 sugar syrup kept  a t  room temperature. 

We found t h a t  this mold, grown on a medium of high osmotic pressure,  was 

a b l e  t o  develop a t  temperatures below O°C. 

months, i t  showed no s igns of growth at -2' nor a t  -5OC, and s t a r t e d  developing 

only a t  O'C. 

Howsver, f o r  a period of seven 

The Penicil l ium sp. from gray-green colonies on meat, s tored i n  a f reezer  

locker  a t  t h e  r a t e d  temperature of -6' C,  and Penicil l ium sp. from apples in 

sugar syrup, which had grown on the fruit a f t e r  th ree  months s torage a t  - 5 O C ,  

proved t o  be t h e  most r e s i s t a n t  t o  cold. The Penicillium sp. of experiment 

K0.40 was i s o l a t e d  from a coloqy grown a t  room temperature on mash, a f t e r  pro- 

longed s torage i n  the  f reezer  locker  a t  - 8 O C ,  where i t  shawed no growth. 

"he Penicillium sp. of experiment No.55, which gave v i s i b l e  growth a t  - 5 O C  

only a f t e r  177 days (while t h e  Penicillium sp. from neat a t  the  same temperature 

showed v i s i b l e  growth a f t e r  29 days) was i s o l a t e d  from mutton from the  f reezer  

a t  - 5 O C .  At -18, -12 and -8OC t h e  t e s t e d  s t r a i n s  of Penicil l ium showed no 

growth. 

Several  species of Fusarium obtained by us  from the  Potato I n s t i t u t e  were 

t e s t e d  a t  -5, -2, and + 2 O C  and a t  room tsnperature,  and some of them (experi- 

ments Nos.79, 82, 66, and 83) a l s o  a t  -18, -12 and -8OC, a t  which l a t t e r  tempera- 

t u r e s  they  showed no growth. 

The results a r e  given i n  Table 7. 

me minimum temperature f o r  most species  of Fusarium had previously been 

considered t o  be about 6 - 1 0 ° C  (Bib1.43). 

However, Table 7 ind ica tes  t h a t  many of the representat ives  of Fusarium 

s t i l l  g?ow a t  -5OC,  and that Some of them, judging from t h e i r  rapid growth /1304 
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a t  t h a t  temperature, a r e  ab le  t o  develop even below - 5 O C .  A t  - 8 O C ,  however, not 

one of them showed growth during a period of 6 months. 

TABLE 7 

EFFZCT OF LO4 TEMPERATUXES ON THE DEVELOPMENT OF VABIOUS 
FUSARIUM SPECIE3 

(Time a a p s e d  before  Appearance of Vis ib le  Growth, 
mressed i n  Days) 

. . . . . . . . .  

71' 

s2 
70 
FiT 
66 
71 
68 

69 
7-11 
74., 
76 
73 
83 

-- 
I Y  

c- 
13 

The course of growth of Fusarium culmorum and Fusarium sp. V a t  var ious 

temperatures i s  shown by the  diagrams of Fig.2. 

Tables 4 ,  5, 7, and 8 show t h a t  molds of the  same species,  depending on 

t h e i r  o r i g i n  and on some undetermined fea tures ,  reac t  i n  e n t i r e l y  d i f f e ren t  ways 

0 I t o  low temperatures. illhile some molds s top  growth a t  -0" o r  -2 C ,  others con- 

t i n u e  t o  grow even a t  -5OC, and apparently a t  s t i l l  lower temperatures. /1305 
I n  the  above experiments t he re  were severa l  cases where t h e  nut r ien t  medium 

was frozen so l id ,  bu t  nevertheless showed growth of  mold. 

ments No.?, on Cladosporium herbarum and 

(Table 2), $he medium on the  dishes  froze on the  29th day a f t e r  inoculation, 

when t h e  average colony diameter f o r  Clad. herbarum had reached 3 mm and f o r  

Thus, i n  the  experi- 

on Chaetostylum Fresen i i  



Chaetostylum Freseni i ,  18 m. 

the  mean diameter of Chaetostylum Fresenii  i n  t he  frozen dish reached 80.5 mm 

on %he 200th day, while t he  mean diameter of t he  colony on the  p a r a l l e l  unfrozen 

Subsequently, both molds continued t o  grow, and 

d i sh  was 88 mm. 
f -  

Fig.2 Influence of Low Temperature on t h e  Development 
of Phycomyces Nitens 

I n  Eo t ry t i s  c inerea i n  experiment No.6 (Table j), a similar p i c t u r e  was 

observed on inocula t ion  with mycelium. Growth began on t h e  36th day, t h e  medium 

(wort-agar with 2.3$ sugar) f roze  on the 50th day, when t h e  diameter of t h e  

colony was 7 mm; growth s t i l l  continued after this, and within one year  t h e  

colony had a diameter of 45 m, bearing conidia on t h e  ll+gth day, simultaneously 

with t h e  cu l ture  on t h e  unfrozen dish. 

I n  t h e  same experiments, on inoculat ion of Bot ry t i s  cinerea by means of 

conidia, t he  medium (wort-agar with 20% sugar) f roze  on the  50th day, simultane- 

ously wi th  t h e  appearance of v i s i b l e  growth; i n  1 2  months the  colonies grew on 

t h e  f rozen  m e d i u m  t o  a diameter of 60 mm; conidia appeared on the  199th day. 

I n  t h e  d ishes  with Fusarium culmorum (experimen5 No.82, Table 7) the  pota to  

s l an t s  f r o z e  on t h e  lg th  day a f t e r  being placed i n  the  chambers a t  -5OC;  on the  
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138th day, the frozen potato showed v i s i b l e  growth of this mold. 

I n  experiment No.107, s l a n t s  of beef f roze  a t  - 5 O C  on the  l o th  day, w h i l e  

v i s i b l e  growth of t h e  mold complex of t h i s  experiment appeared on the  61St day. 

I n  t h e  search f o r  cold-resis tant  molds i n  one of t he  experiments, as al- 

ready mentioned, f o r e s t  s o i l  with i t s  complex group of molds, was sampled f o r  

t e s t ing .  

of s o i l  i n t o  P e t r i  dishes,  followed by wort-agar with 20% sugar. 

Inoculat ion f o r  this experiment was performed by pouring a suspension 

TABLE 8 

TIME ( I N  DAYS) FXON INOC'LJLATION TO APPEARANCE OF VISIBLE 
GRO-dTH AND CONIDIA OF MOLDS FROM FOREST SOIL 

Ekposure: 17 months 

Table 8 demonstrates that no growth of this mold 

i n g  17  months of expssure a t  -8OC. 

complex was observed dur- 

A t  -roc, t h e  first s igns of growth appeared 85 days a f t e r  inoculat ion;  a t  

-2OC, t h e  next. t o  the  last of t h e  l g w  temperatures a t  which this mold complex 

would grow, these s igns  appeared a f t e r  24 days. Again, t he re  was a g rea t e r  in-  

h i b i t i o n  of growth shor t ly  before  t h e  minimum temperature than a t  t h e  higher 

temperatures. The same was noted f o r  t h e  conidia formation. 

It should be noted t h a t  a t  -5' and -2'C t h e  media i n  these experiments 

f r o z e  ( a t  -5OC, on t h e  27th day; a t  -2OC, on the  55th day) a f t e r  inocula t ion  and 

being placed i n t o  t h e  chamber, which d i d  not prevent t h e  mold from g r o d n g  and 

bear ing  conidia. 
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A highly i n t e r e s t i n g  case w a s  observed (Bibl.44) on t e s t i n g  a complex of 

molds growing on meat (beef and mutton) and on f i s h  (Beluga sturgeon) i n  a 

Moscow cold-storage p l an t  a t  -5' and -B0C ( i n  f ac t ,  these temperatures were 

higher and f luctuated) .  

fec ted  with mold and pieces  of Beluga sturgeon similarly infec ted  were t rans-  

f e r red  t o  our experimental chambers at -%' and -5' C. 

S l an t s  of t h e  meat f r o m  beef and mutton carcasses in -  

A t  t he  same time, we inoculated agar p l a t e s  with t h e  molds from the  in -  

f ec t ed  products. 

showed t h a t  t he  molds developed OY continlled t o  develop only a t  -5OC, both di- 

r e c t l y  on t he  meat and f i s h ,  and on the agar  p la tes .  

Observations on these ob jec t s  during t h e  f i r s t  e ight  months 

However, a f t e r  e ight  months of storage on a s l a n t  of mutton, the  first 

s igns  of growth of molds appeared i n  t h e  form of white spots,  even a t  - 8 O C .  

t r a n s f e r  t o  a piece of f r e s h  beef, these molds began t o  grow r a the r  r ap id ly  a t  -2 

and -5 "C ( v i s i b l e  growth appeared even a t  -2" and -9 C i n  1 7  days). 

during t h e  e ight  months up t o  now, no growth was observed. 

On 

A t  - 8 O C ,  

I n  another case, s igns  of mold growth appeared i n  the  f r eeze r  chamber a t  

- 8 O C  on a s l a n t  of beef, l ikewise taken from an  infec ted  cold-storage half- 

carcass.  

Eold growth was detected from the  appearance of w h i t e  spots,  which slowly in-  

creased i n  size.  '&en t r ans fe r r ed  onto var ious media, these  molds, up t o  now 

( a f t e r  e igh t  months), a l s o  grew only a t  -5OC.  

s l a n t  of Beluga sturgeon with black spots of Cladosporium herbarum, taken from 

t h e  f r e e z e r  locker a t  -5'12, after 12  months of storage i n  our expe rhen ta l  

chamber a t  - 8 O C ,  a hardly percept ible  white fuzz appeared around the  black spots.  

When t r ans fe r r ed  t o  wort-agar, t h i s  fuzz gave no growth a t  - 8 O C .  

The surface of this s l a n t  was completely clean before  the  experiment. 

Final ly ,  i n  the  third case, on a 

The f a c t s  presented here indicate  that apparently the  growth of mold i s  
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possible  even a t  -8OC,  although i t  i s  very rare .  

Does t h i s  cor re la te  any analysis with t h e  f a c t  [noted above i n  speaking of 

the  Hright paper (Bib1.39)I t h a t  molds o r i g i n a l l y  grown a t  some temperature be- 

low O°C might then be a b l e  t o  grow on the subs t ra te  at a s t i l l  lower tempera- 

ture? 

c e r t a i n  def ini te  conditions, occasional molds but  f e w  i n  number might grow a t  

- 8 O C  and t h a t  this growth, which we previously considered improbable, does i n  

r e a l i t y  take  place. 

This question cannot be answered as ye t .  We can o n l y  s t a t e  that, under 

Conclusions 1130'2 

On t h e  b a s i s  of t h e  foregoing, we come t o  the following conslusions: 

1. The temperature rninimUm of mold growth l i e s  considerably below O°C. 

2. Low temperatures that r e t a r d  the appearance of v i s i b l e  growth, as wel l  

as t h e  bearing of conidia and spores by molds, exer t  a d d e l y  d i f f e r i n g  influ- 

ence not on ly  on d i f f e r e n t  species of molds but  even on d i f f e r e n t  s t r a i n s  of 

t h e  same species. 

3 .  The delay i n  the appearance of v i s i b l e  growth and conidia formation of 

molds increases  with decreasing temperature, reaching a m a x i m u m  i n  the in te rva l  

before  t h e  minimum temperature a t  which growth stops completely. 

4.  We found t h a t  t h e  following molds showed the  g r e a t e s t  tolerance f o r  low 

temperatures : 

a)  individual  v a r i e t i e s  of Penicillium glaucm, i s o l a t e d  mostly from 

frozen products (apples i n  sugar syrup, meat, mash); 

b )  Iucor sp., from frozen strawberries; 

c)  various s t r a i n s  of Sot ry t i s  cinerea; 

d)  Cladosporium herbarum; 
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e )  Chaetostylum LFresenii (from cold-storage Beluga sturgeon) ; 

f )  Monilia nigra;  

g) a complex of molds (mostly Mucor Thamnidium elegans, e tc . )  from cold 

s torage beef and mutton; 

h) several species of Fusarium. 

5. A t  -18' and -12OC, no growth of molds was observed during a period of 

about 19 months. 

6. A t  a temperature of - 8 O C ,  dur ing  t h e  l as t  19 months, t he  growth of molds 

was observed o n l y  on occasional slants of beef, mutton, and Beluga sturgeon in- 

fec ted  with mold i n  cold storage. The molds growing after t r ans fe r  t o  meat 

b ro th  and other  nu t r i en t  media gave no growth f o r  a period of 8 - 9 months. 

one of t h e  molds t e s t ed  on a r t i f i c i a l  and natural media showed any growth a t  - 8 O C .  

Not 
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